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ABSTRACT

Intraarticular corticosteroid injection (ICSI) is a widely practiced management for hip and knee osteoarthritis. Imposed delays to arthroplasty
during coronavirus disease 2019 pandemic have led us to postulate that many patients have opted for recent ICSI. We compared the odds of
prosthetic joint infection (PJI) in patients who were or were not administered ICSI within 12 months prior to hip or knee arthroplasty. A sys-
tematic search of PubMed, Embase, The Cochrane Library and Web of Science was performed in February 2021, with studies assessing the effect
of ICS on PJI rates identified. All studies, which included patients that received ICSI in the 12 months prior to primary hip and knee arthroplasty,
were included. In total 12 studies were included: four studies with 209 353 hips and eight studies with 438 440 knees. ICSI administered in the
12 months prior to hip arthroplasty increased the odds of PJI [odds ratio (OR) = 1.17, P = 0.04]. This was not the case for knees. Subgroup
analysis showed significantly higher odds of PJI in both hip [OR = 1.45, P=0.002] and knee arthroplasty [OR = 2.04; P = 0.04] when ICSI
was within the preceding 3 months of surgery. A significantly higher odds of PJI were seen in patients receiving ICSI within the 12 months prior
to hip arthroplasty. Subgroup analysis showed increased odds of PJIin both hip and knee arthroplasty, in patients receiving ICSI within 3 months
prior to their arthroplasty. We recommend delaying knee arthroplasty for at least 3 months after ICSI and possibly longer for hip arthroplasty.

Level of Evidence: Level III - Systematic Review of Level II and III Studies.

INTRODUCTION

Prostheticjoint infection (PJI) affects between 0.76% and 1.24%
of primary hips and knees in the Western world [1]. When PJI
occurs, it has potentially devastating consequences, with asso-
ciated morbidity and a 1-year mortality rate as high as 11%
when arthroplasty is revised for PJI [2]. Treatment for PJI varies
depending upon the patient profile and the severity of infec-
tion, which ranges from implant salvage procedures, such as liner
exchange, to single or two-stage revision arthroplasties.

In recent decades, the demand for joint arthroplasty has
increased and is projected to continue to rise further [3]. Recent
studies project 3.5 million knee and 600000 total hip arthro-
plasties will be performed in the USA by 2030 [4]. Accounting
for the current incidence of PJI, we expect a disease burden of
~50000 PJIs annually. For all patients, arthroplasty is the best
considered when non-operative measures have been exhausted.
A recommended mode of symptom management in osteoarthri-
tis is via intraarticular corticosteroid injections (ICSIs), often,

as part of a multimodal pain management effort [S-9], aiming
to achieve symptom control by immunosuppression [10].
Injection into a native joint carries the inherent risk of intraar-
ticular inoculation of pathogens.

It may be theorized that ICSI performed in the months lead-
ing up to arthroplasty may risk PJI although the precise time
window for this remains unclear. Previous published systematic
reviews and meta-analyses on this topic have conflicting results.
Two of these meta-analyses concluded an increased risk of subse-
quent PJI following ICSI [ 11, 12], while five other studies refuted
this conclusion [13-17]. These studies have been criticized for
their poor-quality study inclusion and high heterogeneity of their
included studies. In this study, we provide an up-to-date system-
atic review and meta-analysis pertaining to the safe time interval
between ICSI and arthroplasty. This is the first systematic review
to investigate the temporal relationship between ICSI and odds
of acquiring a PJI. Imposed delays to arthroplasty during coron-
avirus disease (COVID-19) pandemic and with many deferred
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patients reporting significant symptom progression [18], we
postulate that many may have opted for recent ICSI. After pan-
demic elective arthroplasty restrictions are lifted, most patients
will be eager to undergo arthroplasty at the earliest opportunity
[19]. This may potentially place them at a higher risk of PJI if our
premise is correct.

MATERIALS AND METHODS

The systematic review was performed based on the recommen-
dations of Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).

Search strategy
We performed a systematic search of the literature across
PubMed, Embase, The Cochrane Library and Web of Science
from the date of inception of each database through to February
2021. No ‘grey literature’ search was performed. The population
of interest was patients with primary hip or knee arthroplasty.

Comparisons were made between patients who received ipsilat-
eral ICSI to their native joint within the preceding 12 months of
arthroplasty and those who did not. The outcome of interest was
the diagnosis of PJI.

A literature search was performed using the following search
terms and Boolean operators (‘arthroplasty’ OR ‘joint
replacement’) AND (‘injection’ OR ‘steroid’ OR ‘corticos-
teroid’) AND (‘prosthetic joint infection’ OR ‘periprosthetic
infection” OR ‘infection’). The title and abstracts were then
screened by two reviewers independently (T.C. and M.J.) for rel-
evance and consideration into a provisional list. The provisional
list was then assessed independently by the two reviewers after
reading full text for their potential inclusion. The two reviewers
had a consensus on the included articles.

All articles comparing the two comparators on the patient
population of interest were included. Studies that included
patients who received ipsilateral ICSI more than 12 months prior
to arthroplasty with sufficient data in their analysis for us to iso-
late the patient population of interest were included. Papers that
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Fig. 1. PRISMA flow diagram.
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specifically looked into perioperative steroid injection as part of
multimodal postoperative analgesia technique, hyaluronic acid
injections only, conference abstracts that with insufficient data
for extraction, and studies of revision hip or knee arthroplasty
patients were excluded. There were no restrictions on included
publications, whether based on date of publication, language,
study quality or geography.

Data collection and assessment of risk of bias

Data extraction was performed by the first reviewer (T.C.)
and validated by the second reviewer (M.J.). The individual
study characteristics and outcomes of interest were assessed.
Studies were grouped and assessed separately whether hip
or knee arthroplasty. The methodological quality of studies
included was assessed independently by both reviewers using the
National Institute of Health Quality Assessment Tool for Obser-
vational Cohort and Cross-Sectional Studies. Publication bias
was assessed using funnel plots.

Outcomes and statistical analysis

The outcome of interest was the number of PJI in each group.
Further subgroup analysis was performed, where study data
allowed, regarding the incidence of PJI where ICSI was in
the preceding 3 months of arthroplasty. Subgroup analysis
was compared against the wider cohort if no readily matched
cohort was available. Continuous variables were expressed as
mean = standard error of the mean. Where values were not read-
ily available, this was calculated from the data provided. Statisti-
cal analysis was performed using the Mantel-Haenszel method,
utilizing either a fixed effect model if the heterogeneity is <50%
or a random-effects model if the heterogeneity is >50%. Odds
ratio (OR) was used to illustrate the effects of each treatment
arm on Forest plots. The corresponding 95% confidence inter-
val (95% CI) and heterogeneity of data (I?) are also illustrated
in both Forest plots and full text. I? is a scale from 0 to 100%
where higher values are associated with greater heterogeneity

(a)

[20]. The statistical software used in this study was RevMan 5.4
(The Cochrane Collaboration, 2020).

RESULTS
Search results

Four hundred and seventy-two studies were identified with the
initial search strategy. Fifty duplicate studies were removed.
From the remainder, a further 392 studies were excluded by
screening titles and abstracts. Twelve studies were included in
the final analysis, of which four described PJI in hip arthroplasty
[21-24], and the remaining eight described PJI in knee arthro-
plasty, [25-32] each following intra-articular injections into
native joints. The results of our literature search are displayed in
Fig. 1.

Total hip arthroplasty

Four studies with a cumulative sample size of 209 353 hips
described the odds of PJI in patients receiving ICSI within
12 months prior to ipsilateral hip arthroplasty [21-24], of which
9188 were in the ICSI group and 200 165 were in the con-
trol group. The baseline characteristics of the studies are out-
lined in Table I. There was no significant heterogeneity between
the studies [I> = 0%, P-value = 0.86], and hence, a fixed-effect
model was used. There was a significant difference in rates of
PJI between the two arms [OR=1.17, 95% CI=1.01-1.36,
P-value =0.04]. The Forest plots for this are shown in
Fig. 2a.

Two studies [23, 24] with 202 758 hips, of which 2992 were in
the ICSI group and 199 766 were in the control group, analyzed
the effect of ICSI on the odds of PJI within the 3 months prior to
ipsilateral hip arthroplasty. There was no heterogeneity between
the studies [I> = 0%, P-value = 0.67], and hence, a fixed-effect
model was used. There was a significantly increased rate of PJTin
patients who received an ICSI in 3 months preceding hip arthro-
plasty [OR =1.45, 95% CI = 1.15-1.83, P-value = 0.002]. The
results of the Forest plots are shown in Fig. 2b.

Intra-Articular Steroid Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Mcintosh 2006 3 224 1 224 0.3% 3.03[0.31, 29.32]
Meermans 2012 1 175 1 175 0.3% 1.00[0.06, 16.12]
Schairer 2016 94 5421 2477 168537 50.8% 1.18 [0.96, 1.46]
Werner 2016 94 3368 766 31229 48.5% 1.14 [0.92, 1.42]
Total (95% CI) 9188 200165 100.0% 1.17 [1.01, 1.36]
Total events 192 3245
Heterogeneity: Chi? = 0.74, df = 3 (P = 0.86); I = 0% k + 1 + |
. 0.01 0.1 1 10 100
Test for overall effect: Z = 2.04 (P = 0.04) Favours Injection Favours No Injection
(b)
Intra-Articular Steroid Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Schairer 2016 44 2163 2477 168537 61.7%  1.39[1.03, 1.88] il
Werner 2016 31 829 766 31229 38.3% 1.54 [1.07, 2.23] —
Total (95% CI) 2992 199766 100.0% 1.45 [1.15, 1.83] L 2
Total events 75 3243
Heterogeneity: Chi? = 0.19, df = 1 (P = 0.67); I> = 0% :0 01 0:1 1:0 100:

Test for overall effect: Z = 3.14 (P = 0.002)

Favours Injection Favours No Injection

Fig. 2. (a) Overall odds of subsequent prosthetic hip joint (hip arthroplasty) infection in patients receiving intra-articular steroid injection to
ipsilateral native joint within 12 months prior to replacement. (b) Overall odds of subsequent prosthetic hip joint (hip arthroplasty) infection
in patients receiving intra-articular steroid injection to ipsilateral native joint within 3 months prior to replacement.
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(a)

Intra-Articular Steroid Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amin 2016 3 300 10 845 11.2% 0.84 [0.23, 3.09]
Bedard 2016 399 29603 563 54081 17.9% 1.30[1.14, 1.48] -
Cancienne 2015 581 22240 319 13650 17.9% 1.12[0.98, 1.29] ™
Desai 2009 0 45 0 180 Not estimable
Khanuja 2016 10 280 6 302 13.0% 1.83[0.66, 5.09] I
Kurtz 2021 308 38803 172 222879 17.8% 10.36 [8.59, 12.49] -
Papavasiliou 2006 3 54 0 90 4.3% 12.30[0.62, 242.88] >
Richardson 2019 513 16656 1052 38432 17.9% 1.13 [1.01, 1.26] ol
Total (95% CI) 107981 330459 100.0% 1.96 [0.97, 3.96] S
Total events 1817 2122

ity 2 . i2 .12 ! 1 1 1
Heterogeneity: Tau? = 0.72; Chi? = 462.48, df = 6 (P < 0.00001); I> = 99% ot o ) 100

Test for overall effect: Z = 1.87 (P = 0.06)

Favours Injection Favours No Injecton

(b)
Intra-Articular Steroid Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amin 2016 2 93 10 845  10.0% 1.84 [0.40, 8.51]
Bedard 2016 191 12494 563 54081 21.0% 1.48[1.25, 1.74] -
Cancienne 2015 181 5313 319 13650 20.9% 1.47 [1.22, 1.77] -
Khanuja 2016 1 70 6 302 6.7% 0.71[0.08, 6.04] ]
Kurtz 2021 84 10977 126 166373  20.5% 10.17 [7.71, 13.42] -
Richardson 2019 216 6653 1052 38432 21.0% 1.19[1.03, 1.38] il
Total (95% CI) 35600 273683 100.0% 2.04 [1.05, 3.97] o
Total events 675 2076
Heterogeneity: Tau? = 0.54; Chi? = 190.95, df = 5 (P < 0.00001); I> = 97% bo1 ol o 00

Test for overall effect: Z = 2.10 (P = 0.04)

Favours Injection Favours No Injection

Fig. 3. (a) Overall odds of prosthetic knee joint (knee arthroplasty) infection in patients receiving intra-articular steroid injection to ipsilateral
native joint within 12 months prior to replacement. (b) Overall 0odds of prosthetic knee joint (knee arthroplasty) infection in patients receiving
intra-articular steroid injection to ipsilateral native joint within 3 months prior to replacement.

Total knee arthroplasty

Eight studies that enrolled a total of 438 440 cases described
the rates of PJI of knee arthroplasty patients who received
ICSI within 12 months prior to knee arthroplasty [25-32], of
which 107981 were in the ICSI group and 330459 were in
the control group. The baseline characteristics of these studies
are outlined in Table II. There was significant heterogeneity
[I2=99%, P-value <0.00001] between studies, and hence, a
random effect model was used. There was no significant differ-
ence in rates of PJI between those patients who had and those
who had not received ICSI within 12 months prior to their knee
arthroplasty [OR = 1.96,95% CI = 0.97-3.96, P-value = 0.06].
The results of the Forest plots are shown in Fig. 3a.

Six of those eight studies with a total of 309283 knees, of
which 35 600 were in the ICSI group and 273 683 were in the
control group, described the rates of PJI in patients who received
ICSI within 3 months prior to arthroplasty [25-27, 29, 30, 32].
There was significant heterogeneity [I>=97%, P-value
<0.00001] between studies, and hence, a random effect model
was used. There was a significantly increased odds of PJI in those
who had received ICSI within 3 months prior to arthroplasty,
compared to those who had not [OR=2.04, 95% CI = 1.05-
3.97, P-value = 0.04]. The Forest plots are shown in Fig. 3b.

Risk of bias analysis

Risk of bias in individual studies was analyzed using the National
Institute of Health Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies. The results are displayed
in Table III. No studies provided any justification for sample
size or the number of ICSI. Concerningly, a study by Amin

etal. categorized patients into one of three groups: no injec-
tion, steroid injection or viscosupplementation injection. How-
ever, the group classification was based upon which injection the
patient last had, which may have led to significant bias in the
results [25]. It was unclear from all studies whether outcome
assessors were blinded to the exposure status of the participants.

Funnel plots were constructed to assess the risk of publica-
tion bias. There was symmetry in the hip arthroplasty studies
(Fig. 4a), suggesting a low risk of publication bias. Knee arthro-
plasty studies on the other hand demonstrated asymmetry, sug-
gesting significant publication bias (Fig. 4b).

DISCUSSION

The results of our systematic review and meta-analysis showed
that there were increased odds of PJI when ICSI was adminis-
tered within 12 months prior to hip arthroplasty. In knee arthro-
plasty, the odds of PJI were increased, although not significantly,
when ICSI was administered 12 months prior to arthroplasty
and should be interpreted with caution given high heterogeneity.
Further subgroup analysis revealed significantly increased odds
of PJI for both hip and knee arthroplasty when ICSI was admin-
istered within 3 months prior to arthroplasty. In hip arthro-
plasty, there appeared to be a temporal relationship, whereby
the odds of PJI decreased from 1.45 at 3 months prior to 1.17
within 12 months prior to their arthroplasty. We postulate our
significant findings to be due to the immune-modulatory effects
of steroids or the inherent risk of inadvertent inoculation of
pathogens at ICSI [32-35]. Both these possible scenarios war-
rant wider investigation. Furthermore, we believe a broader
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Fig. 4. (a) Funnel plots for hip arthroplasty studies. (b) Funnel plots for knee arthroplasty studies.

investigation may be warranted into the benefit, risk and compli-
cation of intraarticular platelet-rich plasma (PRP) or bone mar-
row aspirate concentrate (BMAC) injection to the arthritic hip
and knee joint, a rapidly embraced clinic treatment in this partic-
ular patient population 36, 37]. Although there is weak evidence
for the use of BMAC and PRP in hip or knee osteoarthritis [38,
39], the infection rates of each of these treatment modalities are
yet to be established.

This study is even more relevant at present, with critical
demands placed upon overstretched healthcare systems across
the world amidst the current COVID-19 pandemic; there has
been significant disruption to elective arthroplasty schedules
around the world. To appreciate the magnitude of this backlog,
an estimated 30 000 primary and 3000 revision hip and knee
arthroplasty procedures were cancelled in each week of imposed
elective surgery restrictions within the United States alone [40].
During the early stages of the pandemic, there was an initial
widespread abandonment of ICSI; however, as the pandemic
progressed, there have been peak body recommendations and
multiple other studies advocating the safe utility of ICSI in hip
and knee osteoarthritis [18, 41-44]. Brown et al. surveyed over
800 patients across 15 institutions in the USA, each planned for
elective hip or knee arthroplasty but rescheduled due to the pan-
demic. They found that 54% of respondents reported worsen-
ing arthritis symptoms during this period and 87% respondents
remained eager to have their arthroplasty soonest deemed safe
[19]. In this setting, it is highly likely that such patients with
daily intrusive pain of arthritis may opt to temporize symptoms
with ICSI [42]. This may risk patients having ICSI in narrow and
unsafe timeframes in relation to their rescheduled arthroplasty.
Clinicians and patients should be educated and alerted to this
potential risk and be vigilant when rescheduling long-awaited
arthroplasty.

Varied case definition for PJI between studies is seen in
Tables I and 2. Some of the large studies utilized coding systems,
either state-wide [23, 30] or insurance based [24, 26, 32], to
identify patients with PJI. These systems, although efficient, are
prone to potential erroneous under-reporting of cases of PJL
Other studies analyzed cases on individual merit and utilized
variations of the Musculoskeletal Infection Society (MSIS) cri-
teria. Our study has inherent limitations by virtue of design and

inclusion criteria. Our study cohorts may have included those
with undeclared confounding interventions with potential to
influence PJI. These modalities may have included intraarticu-
lar synovial fluid supplementation [45], intraarticular injectable
cellular therapies (such as PRP or BMAC) [46] and potentially
acupuncture [47]. Additionally, the number of ICSI provided in
the study period was unclear in most studies. Additionally, vari-
ation of follow-up intervals (ranging from 6 to 131 months) in
included studies may have affected their reported rates of PJL

Only two of the 12 studies included in our final analysis were
prospective cohort studies. The remaining studies were either
retrospective cohort studies or retrospective matched cohort
studies, which provided Level III evidence. There were no ran-
domized controlled trials that were identified in this systematic
review. There was also potentially significant publication bias in
the knee arthroplasty studies, as evidenced by the funnel plot
analysis in Fig. 4b, despite our attempt to limit publication bias by
including wider databases, such as Web of Science. Other causes
for funnel plot asymmetry, such as selective outcome reporting
and selective analysis reporting may also be present [48]. Future
systematic reviews and meta-analysis of this topic should con-
sider obtaining unpublished data to help reduce publication bias.
Lastly, there may be the introduction of bias in our subgroup
analyses, as our comparator group was not a matched cohort in
all studies apart from Kurtz et al. [30]. A singular definition of
PJI and higher-quality prospective studies should provide more
robust data to enhance future best practice.

In conclusion, within the confines of our study, ICSI per-
formed within 3 months prior to arthroplasty significantly incre-
ased the odds of PJI in both hip [OR = 1.45, P-value = 0.002]
and knee arthroplasty [OR = 2.04; P-value = 0.04] and, thus,
best avoided. There was a significant increase in odds of PJI
when ICSI was administered 12 months prior to hip arthroplasty
[OR =1.17, P-value = 0.04]. Patients considering hip arthro-
plasty within 12 months of ICSI should be appropriately coun-
seled based on this finding. This is of particular importance in
the months ahead, if we are to collectively and safely guide
the prompt delivery of arthroplasty once COVID-19 pandemic
arthroplasty restrictions are lifted. Higher-quality prospective
studies with a standardized definition of PJI may reliably enhance
our future understanding of the implications and safety of ICSI.
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